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Background : Normal cell proliferation and viability is strongly depends on the availability of metabolic energy and
the maintenance of the appropriate adenylate-nucleotide pools. Hypothetically, changes in adenylate kinase (AK)
expression could therefore be associated with adaptation to altered growth characteristics or inversely altered growth
characteristics of proliferating cells could drive the changes in the metabolic profile. This study investigated whether
the expression of either AK1 or a Mycobacterium tuberculosis adenylate kinase mutant which has the same catalytic
activity of AK1 could affect the growth rate of slow-growing BCG.

Method : Recombinant BCGs, which were cloned the human muscle-type adenylate kinase synthetic gene (AK1) and
adenylate kinase mutation gene (AKmtDM) of Mycobacterium tuberculosis into the Mycobacterium/E.coli expression
vectors, were constructed. Recombinant BCGs and wild-type BCG were cultured in 7H9 media and the optical density
at 600nm was measured at intervals of 2-3 days.

Result : There wasnt the growth rate change induced by AK1 or AKmtDM expression in recombinant BCGs.
Conclusion : The expression of AK1 or Mycobacterium tuberculosis adenylate kinase mutant in BCG does not affect the
growth rate of BCG.

(Tuberc Respir Dis 2006; 60: 187-193)
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Table 1. Primers for cloning

Protein

Sequence

Adenylate kinase mutant
(AKmtDM)

Human muscle-type
adenylate kinase (AK1)

5" CACGGATTGGCCAGCGTGAGAGTT 3

Bal |

5" GCTTGGCTGCAGCTACTTTCCCAG 3

Pst |

5" AGGGTAGGATCCATGGAAGAGAAG 3’

BamHI
5" GGCATCCATATGCTATTATTTCAG 3’
Nde |

AKmtDM or AK1

MCS
pn5060

O,/M

pMV 261

(4.3kb)

o

Figure 1. Construction of recombinant plasmids.
Kan® : Th903 derived aph gene conferring kanamycin
resistance as a selectable marker.

OriM = The origin of mycobacterial replication derived
from pAL5000.

Phsp60 : Mycobacterial promoter derived from reg-
ulatory sequences of a BCG heat shock protein, hsp60.
MCS : Multiple cloning sites.
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i ——BCG
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3 —=— rBCGpMV
<o | —a— rBCGAKMIDM
—>%—rBCGpEM
0.1 1 —*— rBCGAK1
0.0
0 3 5 8 11 14 day
Day after inoculation
Sample
0 3 5 8 1 14
BCG 0.01£0.0 0.07+0.02 0.28+0.12 0.36+0.09 0.45+0.15 0.45+0.18
rBCGpMV 0.02£0.0 0.03+0.0 0.09+0.05 0.15+0.06 0.22+0.01 0.21£0.04
rBCGAKmtDM 0.02+0.01 0.05+0.02 0.10+0.06 0.14+0.06 0.17+0.04 0.19+0.02
rBCGpEM 0.01£0.0 0.04+0.0 0.17£0.11 0.30£0.10 0.37+0.09 0.37+0.06
rBCGAK1 0.01£0.0 0.04+0.01 0.16£0.19 0.22+0.20 0.38+0.24 0.40£0.03

Figure 2. Growth curve of recombinant BCGs and values of optical density at 600nm. Data represent
the mean of triplicate values * standard error of the mean.

AL Aol 400 0 GTE (Glucose-Tris-EDTA, 20
mg lysozyme) 2.2 A F-f-3kaL, 37 T4 3 AIZF A
3k 5 300 b lysis sol (25% SDS, 0.3 N NaOH)<
A7betel 5 B7F Adstar 250 pl solll (3 M
Potassium acetate, pH 52)& #7}ste] &3t 5
12,000 rpmo.2 30 #7F AR & AedS
A&kl isopropanole FHOoE Wil 4loF H
12,000 rpmo.2 10 %7& A et JHAZ

H

HNAES Ax3so] EH

rﬂ
ol\
&=l
m
2
noJy
o,
kg
AT
3

THIL AR A soke shiel 2202 7HY

190

HAufA ol HF3to] 37CAA 3-4 F3F vt &,
A 7H9 HA A 50 miell DA TFHAw=0.01-0.02)&
HET 5 37Tl dE wjefabdr 2-3 & Ao

2 600nm (Asw, absorbance) 7S =43kt A%
3 BCGSl % kanamycin 25 pg/ml ¥ A & 7}0} 3T}

F

R

Human AK19] Zvf &X w9} FAlSES 23
AK (AKmt)+72F2] ATPbd®} LID domains &
Blolgte] Alxe FHAE 229 (pMVAKmtDM) §
Az BCG (rBCGAKmtDM)®} human muscle-
type adenylate kinase ¥4 FHAE 24 (PEM
AKD 3 %3 BCG tBCGAKD A Zefan=s
st A7 €528 319 open reading frame®l
A= AP ASS glstdnh

ol AxF BCGS BCG Pasteur 1173P; (wild-



Tuberculosis and Respiratory Diseases Vol. 60. No. 2, Feb. 2006

type)E& 7THY AlufAlell HFstaL 3-4 3¢ wjgF

T RE o H50] AT Agy Fhol FEE 3|45t
Slsta dAFFS tAl THY AAuiA] o] HEa}kaL
HjekslHA] 2-3 A PR SR Agy S ZA ] A=
g BCGS 445249 Wst fi5-5 gelstdnh

A% I3 Y=g o] &ste] A5 Wt
ge1s Ao AE BE %3 BCGe 44| BCG
of "l oJAlH = S YERATHFIg. 2).

M

AA ol JA] AL} nucleotide $HA ol THodsl=
&2 adenlyate kinase (AK)®= A¥uW adenine
nucleotide pool®] T4 23t AL Q] o gx] A
st5 AAgh w3 o]Hgt Vs 5 AEY A
A& g Beo] Q= Ao w A7ty o] gt

Adlit AK (AKmt)© T bacteria®] AKell H]s}
of vi-¢- &2 LID domain ©. % ©]Fo]#] glown Ak
AAo] =1 MIAAEZ AKlel vl3] v =7}
10 #f Wi, oigre] AKel| H]sf 3 vl W slow B
A JTP o] AFeA= Aol v AKmto}
AK1 family¢] 240l ## ¥l ATPbde} lid domain®]
ofr] it MAE Hlaste] 2 AEAe UEde
oJ ool ] A o] ;}g obn] =2k Ala", Glu')e] ¥.3}
wo] &= AL glst i, AKmte] ATPhdell s}
= Ala"# lid domalnoﬂ £3hE Gu'™E AKLT 59
S| serine} lysine o2 WAl 4 2}of| thet A
Z3 gl o] AKL¥ AR B4 Sols s 353
& Bastlon, B3 7} domain] tig ¢ =
Hol Ao digh Fu's2 AKmte} A o=
J"l“S‘PME]r”

I ora

AR AT 47 S} 58 0157} mac

mmalian cellO]Ur o)t B8]

W2 dA Tl 93 Zlojgks FH5OEFE AKLY
AR Ful5S YEhl= AKmt EWo] f-dte}
human muscle-type AK &4 F+22HAK1)E 27t
Mycobacterlum/E coli HAME 1°ﬂ Azt A%
3%

+°ﬂ R s AE 3@101 0}04

o] A 4L gx 4] My 600nmel

Ao FEE g A
w2l HE3le] 2-3 U THALS R Agy S SHTL
=24 A Hro] WstE #Ee AdyoA = AK
AAE A z3het ofu g A &3 BCGE BCGell H]3
8 Ex7F SUHE A kL 28] 2
< etk BCGeF rBCGAKL ] 79~ fALet A
&S TR UEha glov, wERE A
rBCGpEM = A 74 aks thEhfio] AKL ¢
o] AAE % £129] Wstel= &
2 deEom, oFke] A ke Al o]
op71¥= A Ao ® AaE it 1ol BCGSF
rBCGAKmtDM-& H] il B, rBCGAKmtDM®] 4
Ao BOGol vls)] AA3] 74" Aoz vellt) o]
A Ao A AKmtDMe] Aol AK1Y} GAEHS =
®stel 7 oleld A7 AKmDMe] 9% o] of
g Zow dAdsldlal, e8]e BME ] Aol A
et o] obdrtske 55 shith

Bruin & A= & 4% S5 Yehd= 7 7l
9] A3 ( mouse neuroblastoma N2a cell- 2 hr, hum-
an colon carcinoma SW480 cell - 20 hr)ol AKI<
e ste] AE el AKL HHo] o 55 &4l
stz skl o), o8 A3l E(glucose deprivation,
galactose feeding, metabolic inhibitor test)S &3}¢]
AKlo] MEE9] 7% Wslel] #olshA] vkl B

7
= =9 Trx“}gr AK1 “}* Zﬂzué}oi HAS
S u

=3 4 %3, AK S5
7}2 nucleotide pool®] &8 &&o] St= L A} o
YAQl ATP & ] ’\3] o]Fojd 4 Y EE Al

@333}74] T E Aol gl E‘FX] 4 Sl A <]
o] - wro SR Q1% Jda A A A
&= 754 AXS Pseudomonas aeruginosa®) 73-$-



SH Lee et al.

ol A AK”7} o4 M 3 (macroph—
frieshkes SAUAY] 93-S e
Ha7F Qle Wolt¥, & o] Mg At AKe] 9

= At Aol AK At
12+ tAISFAY knock-

out® ol§8 /M ATE Fahol HHT F 9
7

r>~1

LU
Adllte] A L7 =& o)F-7F mammalian cell
o] o4 o e

A AK9]
SO REE AK1H AR Sl
=dWe] {428 human
muscle-type AK 34 F+42HAKDE 2+t Myco-
bacterium/E.coli @AM E o] A ZZHpMVAKmMtDM,
pEMAKD st 474 &%7F w9 =9 BCGel &4
ol o3 4%

ABGoTH o5 HUAEY]
SE WS QoA Slstudt sl
HF E4
o =]

Human AK19] Smf &&=} A== 23]
AK (AKmt)f-222] ATPbd¢} LID domaing &
WHolste] 4|23 4 AHAKmtDM) 2+ human musc—
le-type adenylate kinase ¥4 A AHAKL) S Myc-
obacterium/E.coli 'T@WElo] F2sto] A=
BCGE Axst4 1, ol Ax3 BCG9 BCG Pas-
teur 1173P, (wild-type)& 7H9 A uj =]l 538}
2-3 4 AR Asy @S SH3A

4 1}
Az BCGY A4 4=+ Wild-type BCGE] A
o &o nls] #shrh gladh

U

74
=

A3t adenylate kinase2] A &3t 7|5 & 4= ¢l
S}, adenylate kinase®] v €A %9 S7H= BCG
o] A o= 9S4 ¥ o= gehdn

192

10.

11.

: Investigation of the growth rate change in recombinant BCG.

t

m
A
ra

. Dzeja PP, Zeleznikar ReJ, Goldberg ND. Adenylate

kinase: kinetic behavior in intact cells indicates it is
integral to multiple cellular processes. Mol Cell Bio-
chem 1998;184:169-82.

. Zeleznikar RJ, Dzeja PP, Goldberg ND. Adenylate

kinase-catalyzed phosphoryl transfer couples ATP
utilization with its generation by glycolysis in intact
muscle. J Biol Chem 1995;270:7311-9.

. van Rompay AR, Johansson M, Karlsson A.

Phosphorylation of nucleosides and nucleoside anal-
ogues by mammalian nucleoside monophosphate kina-
ses. Pharmacel Ther 2000;87:189-98.

. van Rompay AR, Johansson M, Karlsson A. Iden-

tification of a novel human adenylate kinase: cDNA
cloning, expression analysis, chromosome localization
and characterization of the recombinant protein. Eur
J Biochem 1999;261:509-17.

. Fukami-Kobayashi K, Nosaka M, Nakazawa A, G6 M.

Ancient divergence of long and short isoforms of
adenylate kinase: molecular evolution of the nucl-
eoside monophosphate kinase family. FEBS Lett 1996;
385:214-20.

. Yoneda T, Sato M, Maeda M, Takagi H. Identification

of a novel adenylate kinase system in brain: cloning
of the fourth adenylate kinase. Brain Res Mol Brain
Res 1998;62:187-95.

. Moller CW, Schlauderer GJ, Reinstein «J, Schultz GE.

Adenylate kinase motions during catalysis: an en-
ergetic counterweight balancing substrate binding.
Structure 1996;4:147-56.

. Moller CW, Schultz GE. Structure of the complex of

adenylate kinase from Escherichia coli with the inh-
ibitor P1, P5-di(adenosine-5-)pentaphosphate. J Mol
Biol 1988;202:909-12.

. Abele U, Schulz GE. High-resolution structures of

adenylate kinase from yeast ligated with inhibitor
ApbA, showing the pathway of phosphoryl transfer.
Protein Sci 1995;4:1262-71.

Wild K, Grafmiller R, Wagner E, Schulz GE. Str-
ucture, catalysis and supramolecular assembly of
adenylate kinase from maize. Eur J Biochem 1997;
250:326-31.

Yan H, Tsai MD. Nucleoside monophosphate kinases:
structure, mechanism, and substrate specificity. Adv
Enzymol Relat Areas Mol Biol 1999;73:103-34.



12.

13.

14.

15.

Tuberculosis and Respiratory Diseases Vol. 60. No. 2, Feb. 2006

Inouye S, Yamada Y, Miura K, Suzuki H, Kawata K,
Shinoda K, et al. Distribution and developmental
changes of adenylate kinase isozymes in the rat brain:
loclization of adenylate kinase 1 in the olfactory bulb.
Biochem Biophys Res Commun 1999;254:618-22.
Janssen E, Dzeja PP, Oerlemans F, Simonetti AW,
Heerschap A, de Haan A, et al. Adenylate kinase 1
gene deletion disrupts muscle energetic economy
despite metabolic rearrangement. EMBO J 2000;19
:6371-81.

Pucar D, Janssen E, Dzeja PP, Juranic N, Macura S,

Wieringa B, et al. Compromised energetics in the
adenylate kinase AK1 gene knockout heart under
metabolic stress. J Biol Chem 2000;275:41424-9.

Miron S, Munier-Lehmann H, Craescu CT. Structure
and dynamic studies on ligand-free adenylate kinase
from Mycobacterium tuberculosis revealed a closed

16.

17.

18.

19.

conformation that can be related to the reduced
catalytic activity. Biochemistry 2004;43:67-77.
Munier-Lehmann H, Burlacu-Miron S, Craescu CT,
Mantsch HH, Schultz CP. A new subfamily of short
bacterial adenylate kinases with the Mycobacterium
tuberculosis enzyme as a model: a predictive and
experimental study. Proteins 1999;36:238-48.

o4&, whuld Fslo] o3 Aol 73 myco-
bacterial adenylate kinase W o]#|2] 24, gheFufj sl
A AFeR9] v 2006.

de Bruin W, Oerlemans F, Wieringa B. Adenylate
kinase I does not affect cellular growth characteristics
under normal and metabolic stress conditions. Exp
Cell Res 2004;297:97-107.

Markaryan A, Zaborina O, Punj V, Chakrabarty AM.
Adenylate kinase as a virulence factor of Pseu-
domonas aeruginosa. J Bacteriol 2001;183:3345-52.

193



